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(54) SUBSTRATE FOR 501AR CELL AND PRODUCTION THEREOF 
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PROBLEM TO BE SOLVED; To obtain a highly efficient cell without causing any crack 
in a thin film by roughening the surface of a substrata and forming irregularities on the 
surface at a lower average level oSfference thereby forming suitable irregularities at 
high speed without requiring any high temperature processing. 
SOLUTION: Surface of a substrate 1 for solar cell is roughened by sand blasting and 
irregularities are on the surface at a lower average level difference. Since the light 
scattering effect is enhanced by the larger irregularities as compared with a 
conventional one and the optical path length in an amorphous silicon can be 
lengthened, short circuit current is increased and the efficiency of a solar cell can be 
enhanced Average level difference of the irregularities is preferably Is 31 m or above 
tor obtaining a sufficient light scattering effect and the average level dfference of the 
smaller irregularities is preferably is 0.51 m or below. 
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Japanese Laid-Open Patent Publication No. 
10-70294/1998 (Tokukaihei 10-70294) (Published on 
March 10, 1998) 

(A) Relevance to claims 

The document gives general background knowledge 
for the present invention. 

(B) Translation of the relevant passage 
[Claims] 

[Claim 1] 

A substrate for solar cells, being characterized in 
that a surface, for forming a solar cell, of the substrate is 
roughened so as to have irregularities (i), and a surface of 
each of the irregularities (i) further has small 
irregularities (ii), an average level difference of the 
irregularities (i) being larger than an average level 
difference of the irregularities (ii), 
[Claim 2] 

The substrate as defined in claim 1, wherein, the 
average level difference of the irregularities (i) is not less 
than 3}im, and the average level difference of the 
irregularities (ii) is not more than 0.5>im. 
(Claim 3] 

A manufacturing method of a substrate for solar 
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cells being characterized in that, a surface, for forming a 
solar cell, of the substrate is caused to have irregularities 
(i) by means of sandblasting using abrasive grains (a), and 
subsequently small irregularities (ii), an average level 
difference thereof being smaller than an average level 
difference of the irregularities (i), is formed on the 
irregularities (i) by means of sandblasting using abrasive 
grains (b) whose grain size is smaller than a grain size of 
the abrasive grains (a). 
(Claim 4] 

The manufacturing method as defined in claim 3, 
wherein, the surface is caused to have the irregularities (i), 
whose average level difference is not less than 3pm, by 
means of sandblasting using abrasive grains whose grain 
size is not less than 50pm, and subsequently, a surface of 
each of the irregularities (i) is caused to have the 
irregularities (ii), whose average level difference is not 
more than CSpm, by means of sandblasting using 
abrasive grains whose grain size is not more than 20pm, 

[Problems to Be Solved by the Invention) 

[0013] 

That is to say, a substrate for solar cells in 
accordance with the present invention is arranged in such 
a manner that the surface, for forming a solar cell, of the 
substrate is formed so as to have irregularities whose 
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average level difference is preferably not less than 3]irn, 
and the surface of each of the irregularities have small 
irregularities whose average level difference, preferably 
not more than 0.5pm, is smaller than the 
above-mentioned average level difference of the 
irregularities of the surface. 
[0014) 

Further, a manufacturing method of a substrate for 
solar cells in accordance with the present invention is 
arranged in such a manner that, the surface, for forming a 
solar cell, of the substrate is roughened to have 
irregularities by means of sandblasting using abrasive 
grains whose grain size is preferably not less than 50pm, 
and subsequently small irregularities, an average level 
difference thereof being smaller than an average level 
difference of the foregoing irregularities, are formed on the 
foregoing irregularities by means of sandblasting using 
abrasive grains whose grain size, preferably not more than 
20vim, is smaller than the grain size of the foregoing 
abrasive grains. 
[0015] 

In the substrate for solar cells in accordance with 
the present invention, since the irregular surface of the 
substrate is caused to further have the small irregularities, 
the scattering effect by the small irregularities is 
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enhanced by the large irregularities so that the efficiency 
of a solar cell which is manufactured using the substrate 
for solar cells of the present invention is improved. 

[Embodiments] 

[0020] 

This substrate 1 for solar cells is arranged in such a 
manner that, the surface of the substrate, which is for 
forming a solar cell and on which irregularities are formed, 
is caused to further have irregularities smaller than the 
foregoing irregularities. 
[0021] 

That is to say, as illustrated in a conventional 
example in Fig, 4, the light scattering effect of this 
substrate is improved so as to be better than the light 
scattering effect of a conventional substrate lo which only 
has small irregularities. On this account, it is possible to 
elongate the light path length in an amorphous silicon 
film of an amorphous solar cell manufactured using the 
substrate 1 of the present invention, and hence a 
short-circuit current increases and consequently the 
efficiency of the solar cell improves. 

[0022] 

To obtain a sufficient light scattering effect, the 
average level difference of the large irregularities is 
preferably not less than 3)jrn, and the average level 
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difference of the small irregularities is preferably not more 
than 0.5um, more preferably around 0.2pm. 
[0023] 

The small irregularities cause the light to scatter in 
the film, and since the difference of reflective indices is 
large at the interface between a transparent conductive 
film and a p-layer, the light greatly scatters. The large 
irregularities not only scatters the light but also causes 
reflected light to re-enter 30 as to return to a light 
absorbing layer. The large irregularities achieves an 
improved effect when the height thereof is equal to or 
sufficiently larger than a film which is 300-400nm thick, 
and as in Fig. 5, a short-circuit current significantly 
increases when the vertical interval of the large 
irregularities is not less than 3pm. 
[0025) 

A manufacturing method of the substrate for solar 
cells in accordance with the present invention is arranged 
in the following manner. As in Fig. 2(A), the surface of the 
substrate 1 is caused to have irregularities by means of 
sandblasting using abrasive grains 2. Subsequently, as in 
Fig. 2(B), sandblasting using abrasive grains 3 whose 
grain size is smaller than the abrasive grains 2 is 
performed so that, as in Fig. 2(C), irregularities whose 
average level difference Da is smaller than the average 
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level difference D x of the foregoing irregularities are 
formed on the surface. 
[0035] 

Thanks to this processing, as in Fig. 1, it is possible 
to obtain a relatively smooth substrate 1 for solar ceils, on 
the surface of which irregularities whose average level 
difference is not more than 0.5ym is further formed on 
irregularities whose average level difference is around 
3]am. 
[0040] 

Next, a transparent conductive film 4 which is, for 
instance, l]im thick is formed on the substrate by 
sputtering. Alternatively, the transparent conductive film 
4 may be formed by methods such as CVD and vapor 
deposition. Further, although the transparent conductive 
film 4 may be made of a material such as ITO, SnOa, and 
ZnO, it is not preferable, in terms of the characteristics of 
solar ceils, to make the film 4 sorely by ITO. On this 
account, when making the film 4 by ITO, the surface of 
the film 4 is necessarily coated with a material such as 
Sn02 or ZnO which is several tens of nm thick. 
[0046] 

In this manner, elongating the light path length in 
the amorphous silicon film increases the short-circuit 
current of the thin- film solar cell 11. However, when the 
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irregularities are too rough, the top-surface electrode 4 
tends to short-circuit with the bottom-surface electrode 9, 
since the thin-film solar cell 11 is only not more than 
0.5pm thick. Thus, in this case, the irregularities have to 
be not more than 20% in haze rate. 
(0047) 

The substrate 1 of the present invention is arranged 
in such a manner that, as illustrated in Fig. 1, small 
irregularities are formed on large irregularities, and since 
the light scattering effect is caused not only by the small 
irregularities but also by the large irregularities, it is 
possible to increase the haze rate to be larger than the 
case of only forming small irregularities whose average 
level difference is not more than CSpm, for instance 
irregularities whose average level difference is 0.2|im- 
Further, the average level difference of the large 
irregularities is larger than the thickness of the solar cell 
11 and not less than several micrometer, preferably not 
less than 3lim, so that the light scattering effect increases. 
For this reason, the top-surface electrode 4 hardly 
short-circuits with the bottom-surface electrode 9. This is 
because the amorphous silicon film is formed along the 
large irregularities so that the distance between the 
top-surface electrode 4 and the bottom-surface electrode 9 
does not reduces. 
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[0048] 

Further, in the case of a conventional method of 
forming irregularities using transparent electrodes made 
of a material such as SnC>2, slight variation of the 
condition of film development results in non-uniformity of 
irregularities, In contrast, the present invention for 
directly forming irregularities on a substrate by means of 
sandblasting makes it possible to easily improve the 
precision of manufacturing the irregularities. 
[0054] 

[Effects of the Invention] 

As described above, according to the present 
invention, small irregularities are further formed on the 
irregular surface of a substrate so that the large 
irregularities on the surface enhances the light scattering 
effect caused by the small irregularities. On this account, 
since the light path length in an amorphous silicon film of 
a solar cell can be elongated, a short-circuit current 
increases and hence the efficiency of the solar cell can be 
improved. 

(Fig. 5) 
(On the Left) 

STANDIZED SHORT-CIRCUIT CURRENT 
(On the Bottom) 
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VERTICAL INTERVAL BETWEEN CRESTS AND TROUGHS 
OF LARGE IRREGULARITIES (ym) 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2. * * * * shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the substrate for solar batteries, and its manufacture method. 
[0002] 

[Description of the Prior Art] A solar battery, for example, an amorphous silicon solar cell, can use substrates various 1 00 degrees C - about 200 
degrees C since it can form at low temperature comparatively, and a glass substrate and a stainless steel substrate are usually used well. It 
becomes important for it, since an amorphous silicon solar cell has the thickness of the amorphous silicon layer which is an optical-absorption 
layer in case efficiency serves as the maximum as thin as about SOOnm to make the amount of absorption of light increase to improvement in 
efficiency by this thickness. 

[0003] For this reason, making the optical path length of the light in the inside of an amorphous silicon film increase has been conventionally 
performed by forming an irregular transparent electrode on a glass substrate, or forming an irregular front face on a stainless steel substrate. 
[0004] For example, the method which the method of forming an irregular transparent electrode on a substrate is indicated by JP,58-57756,A 
and JP.59-159574A and forms direct'irregularity in JP,7-122764,A at a glass substrate is indicated. 
[0005] 

[Problem(s) to be Solved by the Invention] For example, as common practice which forms an irregular transparent electrode on a glass 
substrate, the method of forming Sn02 as a transparent electrode by ordinary-pressure C VD was raised, and although it was a simple method, 
since ; the formation temperature needed the elevated temperature which is about 500 degrees C, this method could not be formed on tempered 
glass, but had the trouble that the glass which has not strengthened usual had to be used This is because strengthening of tempered glass 
becomes blunt at the elevated temperature of 300 degrees C or more. 

[0006] By the conventional method of forming an irregular transparent electrode by ordinary-pressure CVD, further, since a solar cell module 
needed to bear shocks, such as hail, it needed tempered glass for the front face, therefore it needs to stick tempered glass on this, was formed 
using the glass substrate which has not strengthened usual and had [ the solar cell module became the dual structure of tempered glass and usual 
glass, and ] the trouble that a manufacturing cost increased. 

[0007] In order to scatter light enough furthermore, while about 1 micrometer of thickness of a transparent electrode needed to be formed and 
formation took time, there was a trouble that the cost of materials increased. 

[0008] Moreover, by one sandblasting processing, although there is no method of forming minute irregularity which is formed by the transparent 
electrode by the method of forming direct irregularity in a glass substrate, for example, irregularity was formed in it by the sandblasting method 
to the glass substrate in above-mentioned JP.7- 1 2274 A since a concavo-convex salient became sharp, the trouble that a crack arose was in the 
thin film on the occasion of element manufacture. 

[0009] Since the elevated temperature of 300 degrees C or more was needed, on the other hand by the method of forming Ag in a stainless steel 
substrate in the shape of irregularity by vacuum evaporationo or sputtering, the temperature up of a substrate took, the temperature fall took time, 
and there was a problem of the curvature of a substrate. 

[0010] Furthermore, since a blemish was shown in a front face in the case of metal substrates, such as a stainless steel substrate, polish 
processing is required because of the improvement in the yield, and it had become the factor of a cost rise. 

[001 1] In view of the above technical technical problems, it succeeds in this invention, and it aims at enabling it to offer the high solar battery of 
efficiency, without making a thin film produce a crack, while being able to form the suitable irregularity for an amorphous silicon solar cell at 
high speed, without using high temperature processing. 

[0012] (r^Vi^l^ 
[Means for Solving the Problem] In order to attain the above-mentioned purpose, it constitutes from this invention as follows. 
[001 3] namely, the front face of a substrate in which the substrate for solar batteries of this invention forms a solar battery - the shape of 
irregularity -- preferably, while an average level difference is formed 3 micrometers or more in the shape of irregularity, th ejront faces of th e 
shape of this in;egialarit v_are. an^a verage level difference smaller than the average level difference of the shape of this irregularity, and the thing 
formed with an average level difference of 0.5 micrometers or less in the shape of irregularity 

[00 1 4] Moreover, about the front face of the substrate which forms a solar battery, the manufacture methods of the substrate for solar batteries of 
this invention are an abrasive grain with a particle size smaller than the aforementioned abrasive grain, and a thing which performs sandblasting 
processing using an abrasive grain with a particle size of 20 micrometers or less, and is preferably formed in the shape of [ of an average level 
difference smaller than the average level difference of the shape of aforementioned irregularity ] irregularity, after performing sandblasting 
processing using an abrasive grain with a particle size of 50 micrometers or more and forming in the shape of irregularity preferably, an abrasive 
grain 

[001 5] According to the substrate for solar batteries of this invention, since the irregularity of a level difference smaller than it is formed in the 
front face of an irregularity-like substrate, in addition to the scattering effect of the light by the irregularity of a small level difference, the 
scattering effect of light will increase further with the irregularity of a big level difference, and the efficiency of the solar battery manufactured 
using the substrate for solar batteries of this invention will improve. 

[0016] Since direct irregularity is formed in a substrate by the s^yaffflgjfgll^^ compared with the 




conventional method of forming an irregular transparent electrode according to the manufacture method of the substrate for solar batteries of this 

invention, processing at a room temperature will be attained and irregularity can be formed on tempered glass. 

[0017] Moreover, since an abrasive grain with a small particle size is used and sandblasting processing is again performed after the 1st 

sandblasting processing, it has not been told to a thin film in the case of element manufacture that a crack arises. 

[0018] 

[Embodiments of the Invention] Hereafter, the form of operation of this invention with a drawing is explained in detail 
[00 1 9] Drawing 1 is the outline cross section of the substrate for solar batteries of this invention. 

[0020] While the front face of a substrate in which this substrate 1 for solar batteries forms a solar battery by the sandblasting method is formed 
in the shape of irregularity, the front face of the shape of the irregularity is further formed in the shape of [ of an average level difference smaller 
than the average level difference ] irregularity. 

[0021] The substrate 1 for solar batteries of this invention is a thing which comes to form irregularity smaller than it in a concavo-convex big 
substrate front face, namely, like the conventional example of drawing 4 Compared with the conventional substrate 10 in which only small 
irregularity was formed, the scattering effect of the light by big irregularity will increase, by this Since the optical path length of the light in the 
inside of the amorphous silicon film of the amorphous silicon solar cell manufactured using the substrate 1 for solar batteries of this invention 
can be made to increase, a short-circuit current increases and improvement in the efficiency of a solar battery can be aimed at. 
[0022] In order to obtain the scattering effect of sufficient light, as for the small irregularity-like average level difference with desirable [ a big 
irregularity-like average level difference ] and it being 3 micrometers or more, it is desirable desirably that it is about 0.2 micrometers 0.5 
micrometers or less. 

[0023] the effect of scattering light in a film has small irregularity, and in the interface of a transparent electric conduction film arid p layers, 
since the difference of a refractive index is large, light is scattered greatly it is a thing Moreover, although the scattering effect of light also has 
big irregularity, there is an effect which is made to carry out re-incidence of the reflected light, and is further returned to an optical-absorption 
layer. When sufficiently larger than it, the level difference of this big irregularity is of the same grade as 300-400nm thickness, or the effect is 
large, and as shown in drawing S , the level difference (difference of elevation) of big irregularity is accepted for the big increase in a 
short-circuit current by 3 micrometers or more. 

[0024] Drawing 2 is the cross section showing the manufacture method of the substrate for solar batteries of drawing 1 . 
[0025] As shown in this drawing (A), the manufacture method of the substrate for solar batteries of this invention the front face of a substrate 1 
After performing sandblasting processing using an abrasive grain 2 and forming in the shape of irregularity, as shown in this drawing (B) 
Sandblasting processing is performed using the abrasive grain 3 with a particle size smaller than the aforementioned abrasive grain 2, and as 
shown in this drawing (C), it forms in the shape of [ of the average level difference D2 smaller than the average level difference Dl of the shape 
of aforementioned irregularity ] irregularity. 

[0026] As for the particle size of the abrasive grain 2 of the 1st sandblasting processing, it is desirable that it is 50 micrometers or more in order 
to form with an above-mentioned average level difference of 30 micrometers in the shape of irregularity, and in order to form with an average 
level difference of 0.5 micrometers or less in the shape of irregularity, as for the particle size of the abrasive grain 3 of the sandblasting 
processing which is the 2nd time, it is desirable that it is 20 micrometers or less. 

[0027] The substrate which consists of glass, a metal, ceramics, plastics, and material like carbon can be used that what is necessary is just the 

stiff substrate of the grade which can form irregularity by the sandblasting method as a substrate 1 of this invention. 

[0028] Moreover, an alumina, a white alumina, a Carborundum, etc. can be used as a kind of abrasive grains 2 and 3 of this invention. 

[0029] Hereafter, with the application of the form of operation of this invention, it explains to a glass substrate concretely. 

[0030] The base for substrate processing is moved by the manufacture method of the substrate for solar batteries of the form this operation, 

setting a glass substrate to the base for processing, and spraying an abrasive grain from an injection nozzle first. 

[003 1] The kinds of abrasive grain used at this time are an alumina, a white alumina, a Carborundum, etc. as mentioned above, and less than 
#1000 ], #800 [ for example, ], is used for them as the yarn count of an abrasive grain. That is, as an abrasive grain, the abrasive grain the 
particle size of whose is 25.4 micrometers or more, for example, 3 1 .75 micrometers, is used. Moreover, the diameter of a nozzle is usually about 
phi7mm, and sets up the number of nozzles according to the size and processing speed of a substrate to process. 
[0032] Next, it is set as about 8cm as about two 3-4 kg/cm and an injection distance as an injection pressure. The speed of the base for 
processing is set for example, as 250 rnrn/min 90 degrees, and the degree of spray angle sets the injection quantity as about 50 g/rnin. In the case 
of the usual soda glass, the irregularity whose average level difference is about 3 micrometers can be obtained with such a parameter. 
[0033] However, with this, the glass-substrate front face is being worn with irregularity which glass lacked, and the sharp portion appears here 
and there. If it uses as a substrate for solar batteries as it is, in order for a solar battery to connect too hastily, it is necessary to already carry out 
the degree sandblasting processing of the front face of -. then — as the yarn count of an abrasive grain # — 2000 or more, the same substrate is 
also desirably obtained using #3000 and the degree sandblasting processing of - is performed That is, as an abrasive grain, the abrasive grain the 
particle size of whose is 12 .7 micrometers or less, for example, 8.47 micrometers, is used. Moreover, the diameter of a nozzle is usually about 
phi7mm, and sets up the number of nozzles according to the size and processing speed of a substrate to process. 
[0034] Next, as about two 3 - 4 kg/cm and an injection distance, it is set as about 8cm as an injection pressure like the 1 st sandblasting 
processing. The speed of the base for processing is set as 25 mm/rnin 90 degrees, and the degree of spray angle sets the injection quantity as 
about 50 g/min. 

[0035] By performing such processing, as shown in above-mentioned drawing 1 , an average level difference can obtain further the 
comparatively smooth substrate 1 for solar batteries in which the irregularity of 0.5 micrometers or less was formed on the irregularity-like front 
face whose average level difference is about 3 micrometers. ~- • Or*\ 

[0036] In addition, you may make it inject the liquid which it replaced [ liquid ] with the abrasive grain and distributed the abrasive grain as a 
gestalt of other operations of this invention. 

[0037] Next, how to manufacture the thin film solar cell 1 1 shown in drawing 3 using the substrate 1 for solar batteries manufactured as 
mentioned above is explained. 

[0038] First, it manufactured as mentioned above, for example, the substrate 1 for solar batteries with a thickness of 1mm is washed. Since 

powder, such as an alumina, remains in the substrate front face after processing it with sandblasting, this is for removing it. 

[0039] As the washing method, ultrasonic cleaning by pure wat^r^e^r^ej^ as the washing 



' method, if it is the substrate which does not have oil dirt in the substrate front face before sandblasting processing, it is good at easy washing. 

[0040) Next, the transparent electric conduction film 4 is formed by the sputtering method on a substrate at 1 micrometer in thickness. C VD and 
t . a vacuum deposition may be used for the method of forming the transparent electric conduction film 4. Moreover, although the transparent 
* electric conduction film 4 can use ITO, Sn02, ZnO, etc., since it is not desirable on the property of a solar battery to use only ITO, when using 

this, it needs to coat several lOnm of front faces with Sn02, ZnO, etc. thinly. 

[0041] It did not need to say that the usual conditions were sufficient as the conditions which form the transparent electric conduction film 4, and 
they were made into an elevated temperature, the special formation conditions, for example, 500 degreeC, for forming irregularity, like the 
conventional example, and irregularity and the repeatability of field resistance are improved. 8 is formed one by one with plasma C VD 
equipment after formation of the transparent electric conduction film 4 p layer 6 and i layer [ of amorphous silicons ] 7 and n layers of 
amorphous silicons of amorphous silicon carbon. [ 5 or b layer (amorphous silicon carbon composition change layer) ] The thickness of each 
class 5, 6, 7, and 8 is lOnm, lOnm, 300nm, and 30nm, respectively, for example. 

[0042] In addition, although p layers of optimal thickness may exist with a concavo-convex size, for example, as for 5, about 15nm is sufficient 
at about 1 5 rate of haze (rate on which light was scattered among the transmitted lights of glass), when it is made about 30 rate of haze, it is 
desirable to set it as about 18-20nm thickness. 

0043] In addition, an example of the formation conditions of each class is shown in a table. 
0044] 
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[0045] Next, 50nm of ZnO(s) is formed by sputtering as a rear-face electrode 9, for example. Finally 500nm o f Ag i s formed as a rear-face 
metallic-reflection electrode 1 0, for example. Thus, as a property of the formed solar battery 1 1 , short-circuit current Isc: 1 9.8 mA/cm2, 
open-circuit-voltage Voc:0.87V, curvilinear factor FF:0.73, and eta: 12.6% of efficiency were acquired. Even if it compares this property with 
the cell property which performed concavo-convex formation using the conventional transparent electrode, it is equal, and it serves as a large 
value about the short-circuit current as compared with the case of the 1 -time processing by the sandblasting method. 

[0046] Thus, although the short-circuit current of a thin film solar cell 1 1 improves by making the optical path length of the light in the inside of 
an amorphous silicon film increase, if irregularity is enlarged not much, since the thickness of the **** solar battery 1 1 is as thin as 0.5 
micrometers or less, it will become easy to short-circuit a surface electrode 4 and the rear-face electrode 9. Therefore, it passes under such 
thickness and about 20% is a concavo-convex limitation at the rate of IZU. 

[0047] In the substrate 1 of this invention, since minute irregularity is formed on big irregularity as shown in drawing 1 , and the scattering effect 
of light is produced also with big irregularity as mentioned above, only the minute irregularity of 0.5 micrometers or less can make the rate of 
haze larger than the case where only minute irregularity with an average level difference of 0.2 micrometers is formed. Furthermore, big 
irregularity is larger than the thickness of a solar battery 1 1 , and it is irregularity with an average level diffe rence of 3 micro meters or more, and 
preferably, since dispersion of light is made to increase, a surface electrode 4 and the rear-face electrode 9 several microns or more cannot 
short-circuit it easily. Since the amorphous silicon film itself accompanies big irregularity and it is formed, this is because the interval of a 
surface electrode 4 and the rear-face electrode 9 is not shortened. 

[0048] Moreover, in order to control film growth conditions by the transparent electrode of Sn02 grade by the conventional method of forming 
irregularity, it is easy to control delicate irregularity by this invention which forms direct irregularity in a substrate using the sandblasting method 
to what dispersion in concavo-convex tends to produce by change of slight conditioning. 

[0049] Moreover, by the sandblasting method, since irregularity can be formed at a room temperature, it becomes unnecessary not to need an 
elevated temperature of about 500 degrees C like the conventional ordinary-pressure C VD, but to be able to form irregularity on tempered glass, 
and to stick the usual glass and usual tempered glass which have not been strengthened like the conventional example by this, and the cost of the 
part solar cell module can be reduced. 

[0050] Furthermore, it is not necessary to thicken for example, in order for a transparent electrode to also enlarge the shape of toothing like the 
conventional example, the thickness of conventional about 200nm, 1 / 4 - 1/5, is sufficient, and since the part cost of materials can be reduced, 
low-cost-ization can be attained. [ i.e., ] 

[005 1 ] Moreover, since irregularity can be formed at a room temperature by the sandblasting method of this invention when using metal 
substrates, such as a stainless steel substrate, the temperature up of a substrate and a temperature fall do not take time, but the problem of the 
curvature of a substrate is also lost. Furthermore, in order that the blemish in a metal substrate front face may reduce the yield, although a metal 
substrate needs to carry out polish processing, by carrying out sandblasting processing of the front face, it can smooth the blemish of the whole 
substrate, can perform concavo-convex formation simultaneously, and is usually very efficient. 

[0052] By using the substrate for solar batteries of such this invention, it also enables efficiency conventionally to form the solar battery more 
than equivalent by the low cost. 

[0053] Although it applies, explains and excels in a glass substrate with the form of above-mentioned operation, of course, you may use the 

substrate of other materials, such as a stainless steel substrate, as a form of other operations of this invention. 

[0054] 

[Effect of the Invention] Since according to this invention the scattering effect of light can increase further with the irregularity of a big level 
difference in addition to the scattering effect of the light by the irregularity of a small level difference since the irregularity of a level difference 
smaller than it is formed in the front face of an irregularity- like substrate, and the optical path length of the light in the inside of the amorphous 
silicon film of a solar battery can be made to increase by this as mentioned above, a short-circuit current increases and improvement in the 
efficiency of a solar battery can be aimed at. Copied trom 0908490b On 03-02-2004 



* [0055] Moreover, since direct irregularity was formed in the substrate by the sandblasting method, when according to this invention the 
. processing in an elevated temperature becomes unnecessary, and irregularity can be formed on tempered glass like the conventional method of 
i forming an irregular transparent electrode and a metal substrate is used, the problem of the curvature of a substrate will also be solved. 
[0056] Moreover, since an abrasive grain with a small particle size is used and sandblasting processing is again performed after the 1st 
sandblasting processing, it has not been told to a thin film in the case of element manufacture that a crack arises. 



[Translation done.] 
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